The successful interpretation, by Bowen,1 of the strongest unidentified nebular lines in terms of transitions from metastable levels, was concerned with the spectra of N II, 0 II and 0 III. Later identifications of forbidden lines of 0 I and S II in nebulae were made by Bowen,2"3 forbidden Fe II lines were found by Merrill4 in v Carinae, and the green auroral line was noted by McLennan5 as arising from a metastable transition in the spectrum of 0 I.
substantiated by late1 astrophysical work, and aided in the further laboratory analysis of some of the spectra,7 making possible the discovery of intersystem combinations. The forbidden lines that have hitherto been recognized astrophysically are tabulated by Miss Moore. 8 The recent advances in the analysis of spectra, as summarized in Miss Moore's tables, and in Bacher and Goudsmit's compilation,9 have made possible a more complete survey of the metastable states of the atoms from hydrogen to argon. The present note summarizes the results of this survey, which has led to the certain or probable identification of a number of new forbidden lines in astrophysical sources.
Among the neutral atoms from hydrogen to argon there are three types, whose electronic configurations of the ground states give rise to metastable levels. These are shown schematically in figure 1 ; transitions of types a, b and c will hereafter be called "nebular," "auroral" and "trans-auroral" (transition "a" produces the "nebular lines" N, and N2 of 0 III, and transition "b" gives the "auroral" line of 0 I). It is seen that the figures to the left and right, corresponding to configurations p2 and p4, are similar except that the lowest level is inverted in the latter. Therefore, if the usual intensity relations hold, we should expect the nebular component of shorter wave-length to be the stronger for spectra arising from p4, and the weaker for spectra arising from p2. This intensity relationship, substantiated for Bowen's lines of 0 I, 0 III and N II, is an important additional criterion for identification.
In identifying the nebular pair of 0 I, Bowen noted that the corresponding auroral line is absent from the nebulae, while the nebular lines of 0 I are absent from, or inconspicuous in, the aurora,'0 and he discussed the difference of conditions in the two sources. The same phenomenon is shown by the forbidden lines of 0 III, for in the spectra of nebulae the nebular transitions are, with few exceptions, stronger than the auroral transitions. It is, however, well known" that the auroral line of 0 III is the first line of that atom to appear in the developing spectrum of a nova, and that for some time after the appearance of the nebular lines the auroral line is very much the stronger. In the course of evaluating this observation, which is discussed in a paper to be published shortly, it transpired that the novae provide a rich source for the study of forbidden transitions, since they effectively run through a series of stages corresponding to a series of nebulae arranged in order of increasing excitation, and probably decreasing density.
Recent studies of the Wolf-Rayet stars'2 make it appear that they are similar to compact planetary nebulae of very high excitation, though they show no forbidden lines, presumably because of too high a density and too intense radiation. Roughly speaking, Wolf-Rayet stars, novae and nebulae have the same excitation: Wolf-Rayet stars show no forbidden lines; the novae (especially in their early stages) sh6w most conspicuously the auroral lines, and the nebulae show most strongly the nebular transitions.
The present state of our information as to the occurrence of forbidden lines in the spectra of lighter elements is summarized in table 1 and transauroral transitions. The letters P or A indicate whether the corresponding forbidden line is present or absent; "r" and "v" show that forbidden transitions should exist, but are too far respectively to the red and violet to be identified in astrophysical sources, at least with our present observational data. An asterisk before the atomic symbol shows that the normal line of the corresponding atom is present in stellar spectra. The bases for the positive entries in table 1 will now be briefly summarized. The criteria for the identification of a forbidden line in the spectrum of a nebula or nova are as follows, roughly in order of importance.
1. For nebular and transauroral pairs, the wave-number separations must be equal to the separation of the corresponding levels of the ground state. This is usually the test that can be most accurately applied, and is the one most useful in a search for a likely identification. For example, the nebular pair now ascribed to Ne III was first suspected to belong to that atom because the same wave-number separation had been found in the laboratory.14 Because the wave-number separations are usually accurately known, the identification of nebular pairs is easier and surer than the identification of single lines.
2. The relative intensities of the lines forming a nebular pair are determined by the weights of the corresponding states, and should remain the same wherever the pair occurs. Data on this point will be found in table 3. 3. An approximate wave-length may be determined by using a Moseley extrapolation along an isoelectronic sequence, by assuming constancy of quantum defect in certain cases, or by calculating the series limits of the next lower stage of ionization. All of these methods are subject to uncertainties, and therefore, unless the relative position of the metastable levels is also fixed in other ways (as when intersystem combinations are known), such estimates can be used only roughly to guess in what part of the spectrum the line considered may be found. In table 2 the methods of predicting the wave-lengths of forbidden lines are indicated by symbols. 4 . When a forbidden line is observed in a nova spectrum, the identification cannot be considered satisfactory unless the line appears at about the same time as other forbidden lines of similar type (auroral, nebular or transauroral) associated with similar energy of excitation.
5. No forbidden line should appear in absorption. If an absorption line at the same wave-length has been recorded, it must be satisfactorily identified as coming from an atom that would not be expected to give a bright line under nebular conditions. 6 . In general, an emission line recorded in stellar spectra is unlikely to arise from a forbidden transition, though, as in (5), a fortuitous coincidence may be responsible. Exceptions are noted for peculiar objects such as CI Cygni, RW Hydrae and AX Persei,'6 which combine stellar and nebular characteristics.
The identification of the nebular pair of Ne III requires special discussion. Since no intersystem lines have yet been identified in this spectrum the position of 'D2 relative to 3P210 can be estimated only from the series limits of Ne II. Russell, Compton and Boyce"6 identified the lowest terms of series converging to the respective limits 'D2 and 'So of the next higher stage of ionization. They gave tentative values for these limits, based on the assumption that the terms have the same quantum defect as the most nearly corresponding term of the series that converges to the 3P210 limit. Such an approximation gives the position of the nebular pair for Ne III as 4483.1 and 4594.3. The more complete analysis of O II by Russell7 shows, however, that this constancy of quantum defect is not exact, a shift of 0.034 in its value being indicated. If the value of the quantum defect for Ne III is shifted by the same amount, the calculated positions of the forbidden lines of Ne III agree remarkably well with the observed positions of the strong nebular pair. In view of the other evidence (the exactitude of the wave-number separation, the intensity ratio of the two lines, and their position in the nova excitation sequence), this shift seems entirely justified. The identification of the auroral line of Ne III with the observed line at 3342 must still be regarded as provisional. The ,nebular wave-lengths in this general region are somewhat uncertain, since they were derived by extrapolation upon slitless spectrograms.
The lines are strong in practically all the nebulae and absent from only two in Wright's list: N.G.C. 40 and I.C. 418-objects whose spectra are indicative of low excitation. Waiving the question of relative atomic abundance, the persistence of the nebular lines of 0 III in these spectra suggests that the atom in question requires still higher excitation. On the other hand, 3869 and 3968 are very intense in I.C. 4997, whose spectrum shows 3727 0 II strongly and the nebular lines of 0 III only weakly. This nebula, however, is peculiar in having the auroral line of 0 III as the most intense in its whole observed spectrum; behavior of this sort should warn us that the intensity of the nebular lines of 0 III is not an infallible index to the degree of excitation of a particular nebula. 1. A survey of the inner parts of the metagalactic system was completed and published a year ago' in the form of a photometric catalogue of all external systems (excluding globular clusters) brighter than the thirteenth photographic magnitude. Extending the work to fainter systems, I have reported recently in a series of four papers on the results of the study of remote external galaxies.2
In the first of this series it is reported that the survey to the eighteenth magnitude, on the Harvard long exposure photographic plates accumulated during the past thirty years, has resulted in the finding of more than seventy-five thousand new galaxies, although only a little more than one-third of the southern sky and a twentieth of the northern have been thoroughly covered. The preliminary examination of the new data (second report) shows that the irregularities in distribution are large and, in high latitudes, independent of the distribution of faint stars; these irregularities are therefore probably not to be attributed, fo chance or to obscuring nebulosity, but rather are genuine, indicative of actual physical conditions and pointing to evolutionary processes in the metagalactic VOL. 19, 1933 
